Introduction
============

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause of cancer-related death.[@b1-ott-12-415] Although great progress in diagnostic and therapeutic methods has been made, the prognosis of HCC patients after hepatectomy remains dismal.[@b2-ott-12-415] Sorafenib, a multikinase inhibitor, is a common chemotherapeutic drug for patients with advanced HCC, but the clinical application of sorafenib is largely limited by chemoresistance.[@b3-ott-12-415],[@b4-ott-12-415] Accordingly, it is of critical importance to figure out the molecular mechanisms underlying sorafenib resistance in HCC, which might be helpful for improving the therapeutic efficacy of HCC patients.

Long noncoding RNAs (lncRNAs) stand for a class of transcribed RNA molecules with length of more than 200 nucleotides. Up to now, many lncRNAs have been identified, and they have gained widespread attention because they are frequently highlighted as critical regulators of human tumorigenesis.[@b5-ott-12-415],[@b6-ott-12-415] For example, small nucleolar RNA host gene 16 (SNHG16), a newly identified lncRNA, has been found to be highly expressed in many kinds of malignancies, including breast cancer,[@b7-ott-12-415] cervical cancer,[@b8-ott-12-415] ovarian cancer,[@b9-ott-12-415] and glioma.[@b10-ott-12-415] But the exact role of SNHG16 in HCC remains to be further elucidated.

Till now, limited studies reported the functions of lncRNAs in the sorafenib resistance of HCC cells. In the present study, we aimed to validate the role of SNHG16 in sorafenib-resistant HCC cells and investigate the potential mechanisms. We believed that our findings might provide a novel therapeutic strategy for HCC.

Materials and methods
=====================

Patients and tissue samples
---------------------------

HCC and corresponding adjacent normal liver tissue samples were obtained from 103 HCC patients who had undergone surgery at The First Hospital of Jilin University (Changchun, PR China). The clinicopathological characteristics of these patients were listed in [Table 1](#t1-ott-12-415){ref-type="table"}. None of these patients had received chemotherapy or radiotherapy before surgery. The collected tissue samples were confirmed by histopathological examination, immediately snap frozen in liquid nitrogen and stored at -80°C until required. The present study was approved by the Research Ethics Committee of the First Hospital of Jilin University, and written informed consent forms were acquired from all patients or their relatives.

Cell culture and treatments
---------------------------

The human HCC cells, HepG2, SK-hep1, Huh7, and HCCLM3, and normal liver cell line LO2 were obtained from the American Type Culture Collection (Manassas, VA, USA). HepG2/SOR cell line was established from its parental HepG2 cells by exposure to increasing concentrations ranging from 1 to 10 µM of sorafenib (Sigma-Aldrich, St Louis, MO, USA) for 6 months in our laboratory. Cells were maintained in DMEM (Invitrogen, Carlsbad, CA, USA) supplemented with 10% FBS (HyClone, Logan, USA) at 37°C in a humidified atmosphere containing 5% CO~2~. The culture medium for HepG2/SOR cells contained 10 µM sorafenib to maintain its drug resistance. Before the experiments, HepG2/SOR cells were cultured without sorafenib for 1 week.

The siRNA targeting SNHG16 (si-SNHG16) and negative control (si-NC) were designed and chemically synthesized by GenePharma (Shanghai, PR China). To overexpress SNHG16, the full-length human SNHG16 cDNA was inserted into pcDNA3.1 vector (Invitrogen). The miR-140-5p mimics, mimics control, miR-140-5p inhibitor, and inhibitor control were obtained from Guangzhou RiboBio (RiboBio, PR China). Cells were seeded into 6-well plates and transfection was performed using Lipofectamine 2000 (Invitrogen). Forty-eight hours after transfection, the transfection efficiency was evaluated by RT-qPCR analysis.

MTT assay
---------

Cell viability was detected by MTT assay. The cells were seeded in a 96-well plate at a density of 3×10^3^ cells/well. Sorafenib to a concentration of 1, 5, 10, or 20 µM was added to each well. After incubation for 48 hours, 20 µL MTT solution (5 mg/mL; Sigma-Aldrich) was added to each well and incubated for another 4 hours, followed by the precipitate dissolving in 100 µL DMSO (Sigma-Aldrich). Absorbance levels were measured at a wavelength of 450 nm using an ELISA reader (MultiskanEX, Lab systems, Helsinki, Finland). Experiments were performed in triplicate. The IC~50~ (drug concentration producing 50% growth inhibition) was calculated using SPSS 19 software package (IBM SPSS Inc, Chicago, IL, USA).

RNA extraction and RT-qPCR analysis
-----------------------------------

Total RNA samples were isolated from tissues or cells using Trizol Reagent (Invitrogen). Nuclear and cytoplasmic fractions were separated from cells using PARIS™ Kit (Invitrogen) following the manufacturer's instruction. cDNA was synthesized using the PrimeScript RT reagent Kit (TaKaRa), and qPCR was performed using the Real-Time Quantitative PCR SYBR Green kit (TaKaRa) on the ABI 7500 fast real-time PCR system (Applied Biosystems, Foster City, CA, USA). The relative expression of individual genes was determined by 2^−ΔΔCt^ methods,[@b11-ott-12-415] and GAPDH or U6 was used as an endogenous control.

Dual luciferase reporter assay
------------------------------

The fragment from SNHG16 containing the putative binding sites for miR-140-5p was amplified by PCR and cloned into the psiCHECK-2 vector (Promega, Madison, WI, USA), which was named SNHG16-WT. Point mutations in the binding seed regions were created by Quick Change Site-Directed Mutagenesis Kit (Agilent, Roseville City, CA, USA), and the resultant product was named SNHG16-MUT. A total of 3×10^4^ HepG2 cells were seeded on 12-well plates and then cotransfected with SNHG16-WT or SNHG16-MUT, together with the Renilla luciferase expression vector pRL-TK (Promega) and miR-140-5p mimics or mimics control using Lipofectamine 2000. The activities of firefly luciferase and Renilla luciferase were measured 48 hours after transfection using the dual luciferase reporter assay system (Promega). Renilla luciferase was detected for data normalization.

Biotinylated RNA pull-down assay
--------------------------------

HepG2 cells with SNHG16 overexpression were transfected with biotinylated miR-140-5p mimics or its MUT mimics using Lipofectamine 2000. Two days after transfection, the cells were harvested, lysed, sonicated, and incubated with M-280 streptavidin magnetic beads (Invitrogen). The abundance of SNHG16 in the bound fractions was evaluated by RT-qPCR analysis.

Animal tumor xenograft model
----------------------------

Forty male nude mice (Athymic nu/nu, 5--6 weeks, 20--25 g) were purchased from the Shanghai Lab Animal Research Center (Shanghai, PR China) and maintained under specific pathogen-free condition. The mice were allocated to four groups (n=10 each group): sh-NC+saline group, sh-NC+sorafenib group, sh-SNHG16+saline group, and sh-SNHG16+sorafenib group. A total of 1×10^6^ HepG2/SOR cells stably transfected with sh-NC or sh-SNHG16 were harvested and resuspended in 100 µL of serum-free medium, and then subcutaneously injected into the right flank of nude mice, and tumor volume was measured using an external caliper every 3 days and calculated as follows: volume= (length×width[@b2-ott-12-415]×0.5). One week after cell inoculation, mice were orally administered with 10 mg/kg sorafenib or the same volume of saline once daily. The mice were killed on 20 days after cell inoculation, and the tumors were excised and weighed. All animal procedures were approved by the Research Ethics Committee of The First Hospital of Jilin University, and all efforts were made to minimize animal suffering according to the NIH Guide for the Care and Use of Laboratory Animals.

Statistical analysis
--------------------

All experimental data were presented as the mean ± SD. Statistical analysis was performed using GraphPad Prism 6.0 software (GraphPad Software, San Diego, CA, USA) and SPSS 19 software package. Student's *t*-test (two-tailed) and one-way ANOVA were used for the continuous data analysis. The association between SNHG16 expression and clinicopathological features of HCC patients was evaluated using the chi-squared test. *P*\<0.05 was considered to be statistically significant.

Results
=======

SNHG16 is upregulated in HCC tissues and cell lines
---------------------------------------------------

To understand the role of SNHG16 in HCC, the expression levels of SNHG16 in 103 pairs of HCC tissues and their corresponding adjacent normal liver tissues were examined by RT-qPCR analysis. We observed that SNHG16 expression levels were significantly increased in HCC tissues compared to that in their normal counterparts ([Figure 1A](#f1-ott-12-415){ref-type="fig"}). Also, as shown in [Figure 1B](#f1-ott-12-415){ref-type="fig"}, SNHG16 expression levels were significantly higher in all four HCC cell lines than that in LO2 cells.

Next, we examined the potential clinical significance of SNHG16 in HCC. A total of 103 HCC patients were divided into a low-expression group (\<mean, n=55) and a high-expression group (≥mean, n=48) according to the cutoff value of SNHG16 expression. As listed in [Table 1](#t1-ott-12-415){ref-type="table"}, high SNHG16 expression in HCC tissues was closely associated with tumor size (*P*=0.027), TNM stage (*P*=0.001), and vascular invasion (*P*=0.018) of HCC patients.

SNHG16 is upregulated in sorafenib-resistant HCC cells
------------------------------------------------------

As indicated by RT-qPCR analysis, HepG2/SOR cells showed more powerful resistance to sorafenib than HepG2 cells, and the half maximal inhibitory concentration (IC~50~) values of HepG2 cells and HepG2/SOR cells to sorafenib were 4.1 and 22.8 µM, respectively ([Figure 2A](#f2-ott-12-415){ref-type="fig"}). In addition, the expression of SNHG16 in HepG2/SOR cells was remarkably higher than that in HepG2 cells ([Figure 2B](#f2-ott-12-415){ref-type="fig"}).

Knockdown of SNHG16 attenuates sorafenib resistance in vitro and in vivo
------------------------------------------------------------------------

To further determine the critical role of SNHG16 in sorafenib resistance, si-SNHG16 was transfected into HepG2/SOR cells to knockdown the expression of SNHG16, and the transfection was successful, as confirmed by RT-qPCR analysis ([Figure 3A](#f3-ott-12-415){ref-type="fig"}). The results of MTT assay indicated that knockdown of SNHG16 reduced the IC~50~ of HepG2/SOR cells to sorafenib to 7.5 µM ([Figure 3B](#f3-ott-12-415){ref-type="fig"}).

Next a nude mouse-based xenograft model was established. As shown in [Figure 3C](#f3-ott-12-415){ref-type="fig"}, sorafenib treatment significantly reduced the tumor sizes, but cotreatment of sh-SNHG16 and sorafenib provided the most obvious suppressive effect on the tumor growth. Moreover, the average weight of tumors and the expression of SNHG16 were all lowest in sh-SNHG16+sorafenib group ([Figure 3D and E](#f3-ott-12-415){ref-type="fig"}).

SNHG16 directly interacts with miR-140-5p
-----------------------------------------

Next, the nuclear and cytoplasmic fractions of HepG2 cells were separated, and we found that SNHG16 mostly distributed in the cytoplasm of HepG2 cells ([Figure 4A](#f4-ott-12-415){ref-type="fig"}). Furthermore, our bioinformatics analysis (<http://starbase.sysu.edu.cn/mirLncRNA.php>) revealed a binding site between miR-140-5p and SNHG16 ([Figure 4B](#f4-ott-12-415){ref-type="fig"}), and the results of dual luciferase reporter assay demonstrated a dramatically decreased relative luciferase activity in HepG2 cells cotransfected with SNHG16-WT and miR-140-5p mimics ([Figure 4C](#f4-ott-12-415){ref-type="fig"}). Then biotin-labeled miR-140-5p and its MUT mimics were used to pull-down SNHG16 in HepG2 cells with SNHG16 overexpression. As shown in [Figure 4D](#f4-ott-12-415){ref-type="fig"}, miR-140-5p-WT captured more SNHG16 compared with its MUT mimics. In addition, we found that SNHG16 knockdown could increase the expression of miR-140-5p in HepG2 cells ([Figure 4E](#f4-ott-12-415){ref-type="fig"}). We also found that compared with adjacent normal tissues, the expression of miR-140-5p was significantly reduced in HCC tissues ([Figure 4F](#f4-ott-12-415){ref-type="fig"}), and miR-140-5p expression was negatively correlated with SNHG16 expression in HCC tissues (*P*=0.007; [Figure 4G](#f4-ott-12-415){ref-type="fig"}).

MiR-140-5p inhibitor abrogates the effects of SNHG16 knockdown on sorafenib resistance
--------------------------------------------------------------------------------------

We further investigated the role of miR-140-5p on sorafenib resistance. We found that the expression of miR-140-5p in HepG2/SOR cells was significantly lower than that in HepG2 cells ([Figure 5A](#f5-ott-12-415){ref-type="fig"}). Besides, as indicated by MTT assay, miR-140-5p overexpression reduced the IC~50~ of HepG2/SOR cells to sorafenib to 9.0 µM ([Figure 5B](#f5-ott-12-415){ref-type="fig"}), and cotransfection with miR-140-5p inhibitor restored the IC~50~ of si-SNHG16-transfected HepG2/SOR cells to sorafenib to 13.3 µM ([Figure 5C](#f5-ott-12-415){ref-type="fig"}).

Discussion
==========

Currently, HCC poses a big socioeconomic burden worldwide, and chemotherapy is widely used in the treatment of HCC.[@b12-ott-12-415] But chemoresistance, either intrinsic or acquired, still remains one of the major obstacles. Some lncRNAs are implicated in the development of sorafenib resistance in HCC. For example, forced expression of SNHG3 induced sorafenib resistance in HCC,[@b13-ott-12-415] and knockdown of TUC338 in HCC cells sensitized its reaction to sorafenib treatment.[@b14-ott-12-415] Therefore, lncRNAs provide an opportunity to identify effective therapeutic strategies for sorafenib resistance.

The oncogenic role of SNHG16 in other tumors has been frequently reported. In the present study, SNHG16 was found to be significantly upregulated in HCC tissues and cell lines, indicating the potential oncogenic role of SNHG16 in HCC. High SNHG16 expression in HCC tissues was closely associated with unfavorable clinicopathological features of HCC patients. Further experimental studies uncovered that SNHG16 was upregulated in sorafenib-resistant HCC cells, and SNHG16 knockdown significantly enhanced the sensitivity to sorafenib treatment in sorafenib-resistant HCC cells both in vitro and in vivo. These findings convincingly indicated that upregulation of SNHG16 might be one of the reasons for sorafenib resistance in HCC, but the underlying molecular mechanisms are required to be further elucidated.

The mechanisms of lncRNAs affecting tumorigenesis and chemoresistance vary with circumstance, and in recent years, a great deal of evidence has suggested that lncRNAs competitively bind to targeted miRNAs through serving as miRNA molecular sponges.[@b15-ott-12-415] In esophageal squamous cell carcinoma, SNHG16 has been reported to function as a molecular sponge of miR-140-5p.[@b16-ott-12-415] MiR-140-5p was previously reported to act as a tumor suppressor in HCC,[@b17-ott-12-415],[@b18-ott-12-415] and in this study, we found that SNHG16 directly interacted with miR-140-5p in HCC cells, and SNHG16 expression was negatively correlated with miR-140-5p expression in human HCC tissues. More importantly, miR-140-5p inhibitor abrogated the effects of SNHG16 knockdown on sorafenib resistance. These results disclosed an inverse relationship between SNHG16 and miR-140-5p in HCC and their pivotal role in sorafenib resistance.

In summary, our data showed that SNHG16 is upregulated in sorafenib-resistant HCC cells, and knockdown of SNHG16 attenuated sorafenib resistance partly through sponging miR-140-5p. To our knowledge, this is the first systematic study to indicate that the SNHG16/miR-140-5p regulatory axis might be a potential therapeutic target for HCC patients with sorafenib resistance.
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![SNHG16 is upregulated in HCC tissues and cell lines.\
**Notes:** (**A**) SNHG16 expression in the human HCC and adjacent normal tissues was measured by RT-qPCR analysis. (**B**) SNHG16 expression in the HCC cell lines was measured by RT-qPCR analysis. The data are presented as mean ± SD. \**P*\<0.05 vs LO2 cells.\
**Abbreviation:** HCC, hepatocellular carcinoma.](ott-12-415Fig1){#f1-ott-12-415}

![SNHG16 is upregulated in sorafenib-resistant HCC cells.\
**Notes:** (**A**) MTT assay was performed to analyze the sorafenib resistance of HepG2 cells and HepG2/SOR cells. (**B**) SNHG16 expression in HepG2/SOR cells was measured by RT-qPCR analysis. The data are presented as mean ± SD. \**P*\<0.05 vs HepG2 cells.\
**Abbreviation:** HCC, hepatocellular carcinoma.](ott-12-415Fig2){#f2-ott-12-415}

![Knockdown of SNHG16 attenuates sorafenib resistance in vitro and in vivo.\
**Notes:** (**A**) Knockdown efficacy was determined by RT-qPCR analysis. (**B**) The effect of SNHG16 knockdown on sorafenib resistance of HepG2/SOR cells was analyzed by MTT assay. (**C**) The tumor volume was measured every 3 days, and the tumor growth curves were plotted. (**D**) Twenty days after cell inoculation, the tumors were excised and weighed. (**E**) SNHG16 expression in the tumor tissues was measured by RT-qPCR analysis. The data are presented as mean ± SD. \**P*\<0.05 vs si-NC-transfected HepG2/SOR cells; ^\#^*P*\<0.05 vs sh-NC+saline group; ^\^^*P*\<0.05 vs sh-NC+sorafenib group.\
**Abbreviation:** NC, negative control.](ott-12-415Fig3){#f3-ott-12-415}

![SNHG16 directly interacts with miR-140-5p.\
**Notes:** (**A**) The levels of U6, GAPDH mRNA, and SNHG16 in the nuclear and cytoplasmic fractions of HepG2 cells were detected by RT-qPCR analysis. (**B**) Bioinformatical predication of interaction between SNHG16 and miR-140-5p. (**C**) HepG2 cells were cotransfected with SNHG16-WT or SNHG16-MUT, together with miR-140-5p or miR-NC, and after 48 hours, the luciferase activities were measured. (**D**) Pull-down assay with biotinylated RNA was performed to validate the direct binding of SNHG16 and miR-140-5p in HepG2 cells. (**E**) HepG2 cells were transfected with si-SNHG16 or si-NC, and the expression of miR-140-5p was detected by RT-qPCR analysis. The data are presented as mean ± SD. \**P*\<0.05 vs miR-NC-transfected HepG2 cells or si-NC-transfected HepG2 cells. (**F**) miR-140-5p expression in the human HCC and adjacent normal tissues was measured by RT-qPCR analysis. (**G**) Correlation analysis revealed a negative correlation between SNHG16 and miR-140-5p in HCC tissues.\
**Abbreviations:** HCC, hepatocellular carcinoma; NC, negative control; WT, wild type; MUT, mutant.](ott-12-415Fig4){#f4-ott-12-415}

![MiR-140-5p inhibitor abrogates the effects of SNHG16 knockdown on sorafenib resistance.\
**Notes:** (**A**) miR-140-5p expression in HepG2/SOR cells was measured by RT-qPCR analysis. (**B**) The effect of miR-140-5p overexpression on sorafenib resistance of HepG2/SOR cells was analyzed by MTT assay. (**C**) The effect of miR-140-5p inhibitor on sorafenib resistance of si-SNHG16-transfected HepG2/SOR cells was analyzed by MTT assay. The data are presented as mean ± SD. \**P*\<0.05 vs HepG2 cells, miR-NC-transfected HepG2/SOR cells or si-SNHG16+anti-NC-cotransfected HepG2/SOR cells.\
**Abbreviation:** NC, negative control.](ott-12-415Fig5){#f5-ott-12-415}

###### 

Association of SNHG16 expression with clinicopathological features of HCC patients

  Characteristics         Total number (n=103)   SNHG16 expression   *P*-value   
  ----------------------- ---------------------- ------------------- ----------- -------
  Age (years)                                                                    0.392
   ≤55                    54                     31                  23          
   \>55                   49                     24                  25          
  Gender                                                                         0.643
   Male                   71                     39                  32          
   Female                 32                     16                  16          
  HBsAg status                                                                   0.894
   Positive               80                     43                  37          
   Negative               23                     12                  11          
  Liver cirrhosis                                                                0.123
   Yes                    74                     36                  38          
   No                     29                     19                  10          
  Tumor size (cm)                                                                0.027
   \<5                    57                     36                  21          
   ≥5                     46                     19                  27          
  Tumor number                                                                   0.612
   Single                 77                     40                  37          
   Multiple               26                     15                  11          
  TNM stage                                                                      0.001
   I--II                  62                     41                  21          
   III--IV                41                     14                  27          
  Tumor differentiation                                                          0.071
   Well moderate          81                     47                  34          
   Poor                   22                     8                   14          
  Vascular invasion                                                              0.018
   Yes                    37                     14                  23          
   No                     66                     41                  25          

**Abbreviation:** HCC, hepatocellular carcinoma.
